N-Phenylsulfonyl-2-chloroisonicotinamide (NPSI) showed high protective systemic activity against rice blast when applied via root at a rate of more than 2.2 mg a. i./50 cm2 pot. The activity persisted for more than 4 weeks. NPSI was not curative in controlling the disease, however. Antifungal activity of NPSI against Pyricularia oryzae in vitro was not significant in test for spore germination, appressorial formation, appressorial penetration, mycelial growth, and melanin biosynthesis.
INTRODUCTION
In the course of study on new chemicals we found that N-phenylsulf onyl-isonicotinamide and its related compounds have no direct antifungal activity but have systemic anti-rice blast activities; among them N-phenylsulf onyl-2-chloroisonicotinamide (NPSI) was one of the most active compounds.1) N-Phenylsulfonylisonicotinamide is known as a therapeutic agent for the treatment of coccus-type inf ections,2) but its anti-rice blast activity is not known yet. Probenazole is known as a nonfungicidal control agent against rice blast, and a report says it enhances the resistance of rice plants. 3 ) This paper describes the characteristics of NPSI in controlling rice blast and its effect on the life cycle of the causal pathogen Pyricularia oryzae.
MATERIALS AND METHODS

Chemicals
N-Phenylsulf onyl-2-chloroisonicotinamide ( Fig. 1 ) was synthesized at the Ageo Research Laboratory, Nippon Kayaku Co., Ltd., and used in the following experiment.
Biological Tests against Rice Blast
NPSI was formulated into 8% granule and applied to the water in a pot (granule application). Rice seedlings (cv. Musashikogane) were raised in 50-cm2 plastic pots. At a 3-4 leaf stage they were treated with NPSI at rates of 20 mg, 6.7 mg, and 2.2 mg a. i./pot. The rice seedlings were inoculated by spraying the spore suspension of Pyricularia oryzae (P2) 10 days after granule application to examine the protective activity of NPSI. Then they were kept at 25C in a moist chamber for 1 day and transferred to a glasshouse. Control activity was evaluated 10 days after inoculation by disease severity expressed by using a 0 to 100 sacle: a grade of 0 indicates no lesion and 100 complete plant death. The numbers of minute brownish lesions (lesion less than 2 mm long) and expanding lesions were also counted 10 days after inoculation.
In the curative activity test, seedlings were treated with NPSI at a rate of 6.7 mg a.i./pot 1 day after inoculation. Disease severity was determined in the same way as described above.
Test for Control Duration
Rice seedlings at a 3-4 leaf stage were transplanted into a 1/5000 a Wagner pot. After 2 weeks (5-6 leaf stage), rice plants were treated with NPSI by granule application at rates of 240 g and 80 g a. i./10 a. After 4 weeks, the rice plants were inoculated with P. oryzae, and control efficacy was measured 10 days after inoculation.
4. Antifungal Activity of. NPSI against Pyricularia oryzae in vitro NPSI diluted with Hopkin's medium was added to the spore suspension of P. oryzae, and the suspension was kept at 25C for 48 hr in a Petri dish (6 cm in diameter). Spore germination and appressorial formation were measured microscopically and expressed as percentages.
Effect of NPSI on the appressorial penetration of P. oryzae was examined by the cellophane-film method4): cellophane film 1 cm square was placed on a filter paper impregnated with a mixture of NPSI and Hopkin's medium, and inoculated with the spore of P. oryzae. After incubation at 25C for 48 hr, the film was stained with a diluted zinc-chlor-iodide reagent. Appressorial penetration was measured under a microscope.
In the tests for mycelial growth and melanization of P, oryzae, a small mycelial disk cut from a mycelial mat grown on an agar plate was placed on a PSA medium with or without NPSI, and incubated at 25C. Antifungal activity was evaluated by measuring the diameter of grown disks after 10 days, and the effect on melanin biosynthesis was assessed by observing the color of the mycelia.
Effect of Abscisic Acid on the Efficacy of
NPSI against Rice Blast To rice seedlings treated with NPSI as described in the test for protective activity in 2, abscisic acid was sprayed at 50 ppm 4 hr before inoculation. Disease severity was evaluated in the same way as described above.
Peroxidase Activity in the Leaves of Rice
Plants Treated with NPSI Rice plants (3rd leaf stage) were treated with granulated NPSI, and inoculated with the spore suspension of P. oryzae after 5 days. Top leaves were collected at 1, 3, and 7 days after inoculation, and peroxidase activity in the leaves was assayed by the modified guaiacol method.5) RESULTS 1. Control Activity of N-Phenylsulfonyl-2-chloroisonicotinamide against Rice Blast Table 1 shows the protective activity of Nphenylsulfonyl-2-chloroisonicotinamide (NPSI) against rice blast in the pot test at 3-4 leaf stage. NPSI showed high activity without any phytotoxicity at rates of 20, 6.7, 2.2 mg a. i./50 cm2 pot. Disease incidence in untreated plots was 60.1, while that in NPSI-treated plots was 10.8 even though the amount applied was as When rice plants were treated with NPSI at 6.7 mg a. i. /50 cm2 pot 1 day after inoculation, the rice blast severity was not reduced, indicating that NPSI has poor curative activity. Even when rice plants were treated with NPSI 4 weeks before inoculation at a rate of 240 g a. i./10 a, NPSI proved high protecting activity against rice blast (Table 2 ). In efficacy NPSI was almost equal to probenazole, which has been used as a systemic anti-blast agent. The control activity of NPSI against rice blast persisted for more than 4 weeks.
2. Antifungal Activity of NPSI against Pyricularia oyyzae in vitro As shown in Table 3 , NPSI hardly inhibited the spore germination or the appressorial formation of P. oyyzae at up to 100 ppm. Appressorial penetration into cellophane film was slightly inhibited by NPSI at 250 ppm (Table 4) . At this concentration, penetration was 31.1%, while in untreated plots it was 57.1%. Thus the effect of NPSI on the host invasion by the pathogen was not remarkable. There was no inhibitory effect of NPSI on the mycelial growth of P. oyyzae in vitro even at 500 ppm (data not shown). The color of mycelia treated with NPSI was not different from that of untreated mycelia, suggesting that NPSI did not inhibit melanin biosynthesis in the fungus.
Effect of NPSI on Host parasite Interaction
As shown in Table 5 , the ratio of minute brownish lesions to the total number of blast lesions significantly increased in NPSI-treated plots. Minute brownish lesions did not grow to large blast lesions. It seems to indicate that NPSI changed the reaction of the test cultivar to the pathogen from susceptible to resistant. This was supported by the finding that the peroxidase activity in the leaves of rice plants treated with NPSI was enhanced by the inoculation of P. oyyzae (Fig. 2) . The activity of treated-inoculated leaves was 1.53 times, 1.73 times and 1.56 higher than that of untreatedinoculated leaves 1, 3 and 7 days after inoculation, respectively. Moreover the efficacy of NPSI against rice blast was reduced when abscisic acid was sprayed on the leaves (Table 6 ): the disease incidence in NPSI-treated plots was changed appreciably by the abscisic acid treatment.
DISCUSSION
NPSI showed systemic protective activity against rice blast when applied in granulated form. It was effective even when it was applied to rice plants in later stages at rates of 80 to 240 g of active ingredient per 10 a. The efficacy was highly persistent. These results suggest that NPSI could be effective for control of rice blast in paddy fields.
Inhibitory effects of NPSI on the spore germination, appressorial formation, and mycelial growth of P. oryzae were much weaker than those of isoprothiolane and IBP, which are practical anti-blast chemicals with sufficient antifungal activities in vitro.4,6) Therefore, the direct fungitoxic activity of NPSI may not be able to account for the effectiveness of NPSI in rice blast control. Tricyclazole, pyroquilon and f thalide, a non-f ungitoxic anti-blast agents, control the invasion of the pathogen quite effectively by inhibiting melanin biosynthesis in the appressoria,7) but NPSI did not interfere with melanin biosynthesis even at 500 ppm. These results suggest that NPSI is not fungitoxic, but may participate in the self-defence mechanism of rice plants against the disease. It is well known that lesion-type of rice blast is closely related to the resistant reaction of rice plants to P. oryzae.8) When resistant rice plants are attacked by the pathogen, no or only minute brownish lesions appear on the plants. On the other hand, when susceptible rice plants are attacked by P. oryzae, expanded lesions are observed. In our present study, the ratio of minute brownish lesions increased in NPSItreated plots, and this suggested that rice plants treated with NPSI had turned resistant to some extent.
Peroxidase activity is reported to be closely related to the resistant reaction of host plant to the pathogen,9-11) since peroxidase is an important enzyme in the synthesis of lignins to form a physical barrier and catalyzes the oxidation of phenoles to highly toxic quinones.12) The augmentation of peroxidase activity in our experiments may, therefore, be related to an enhancement of the resistant reaction of host plants to the pathogen. In addition, plant hormones are reported to participate in the resistance of host plants to fungal diseases.13) Indole acetic acid turns rice plants resistant to rice blast, and abscisic acid counteracts the effect of indole acetic acid.14) In our tests, the effect of NPSI was counteracted by abscisic acid treatment (50 ppm, spray). This result also implies that NPSI is related to the resistant reaction of rice plants.
Our conclusion: the direct anti-blast fungus activity of NPSI was extremely weak, and the efficacy of NPSI against rice blast was related to the induction or the enhancement of the 
